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As a renewal application f o r  this grant w i l l  be salmitted i n  
the near future, only a brief statement of work completed during the 
past six months will be submitted at this time. 
projecks which have recently been undertaken w i l l  be described in the 
next, report, 

Rogress on several new 

The work supported by this grant continues t o  be directed tiaward 
increasing our understanding of the  physiology of motivation. Prim 
this work involves an analysis of VXI~ORS aspects of approach and escape 
behavior with tecfiniques involving electrical  and chemical stimulation of 
subcortical st-ructures. 

'Ir;ork referred t o  in the last report w h i c h  is now i n  print: - 
E l l i o t  S. Valensteb. Indepeadence of approach and escape 

reactions t o  electrical s t i d a t i o n  of t h e  brain, 2. comp. pitysiol. Psgcbol,, 
1965, 60, 20-33- 

Verne C. Cox and Z l l i o t  S. Valenstein, Attenuation of aversive 
properties of peripheral shock by rippothalamic stimulation. 
a9, 323- 

Science, 196, 

(Repiatis of the  above two papers have been forwarded t o  the 
Te&nical Xeports Officer,) 

We kaTe completed a preliminary draft of a chapter stmmariefng 
mr investigation of the anatomical locus of reirdorcement. This chapter - 
xLll appear i n  Provess i n  Fhysiological Psycholo2  (Zds, E. Stellar and 
J. Sprague). Ten copiesaf this preliminary draft are enclosed, 

A paper entitled: V d a l  forebrain bundle - lateral hypothalamic 
area and reinfccrdng brain stirmilation" will appear i n  the Anerican Journal - of I3cysiolo~. 
available , 

Reprints of this paper will be scbmitted when they are 
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1 The Locus of ReinZcrczxtene 

El1io.t S -  Valzns-tein 

F e l s  Research Ins t i tu te  a'c Antioch College 

I. Introduction and Statement of the Problem 

A, Need Zor a 2hchanisn of IxneCiate Reinzorcement 

With the excep-Lion 02 reproductive activity,  Li1312 is  no"&ing 

more essent ia l  to survival of the species than -khe SUCCESS 02 

animals i n  iipproacliing tha t  ci i i ic l i  is Senziicial  and withdrawing 

from kha-2 which is ha-cuf. It is  obviov.sly necessary tha t  inechan- 

isrts should have evolved which maxiaize the likelihood khat animals 

would Lxake conkact with "&e necessit ies of l i f e  and escape from 

t ha t  which was injurious. Such L3echanis-x iaay exis t  a t  dif ierent  

levels of orpniza'cion Zrorn silzlple t ropis t ic  responses -Lo the learn- 

ing or' c a p l c x  patterns or' a2apkive behavior. Ada2tive reactions 

to the environment limy vary Trox rc la t ivzly fixed reflexes -Lo 

simple s t i m u l i  to the circumspect and circumventing ixhavior of 

diplomacy . 
We are concerned here w i - k h  adagtive behavior -:hat is not 

fixed, but modifiable, I n  "&is context, the convenient concepts 

of reinforcers and reinforcement have been generally adoptedr- A 

reinr'orcer is  any event which changes the frequency 02 occurrence 

oi" some precsding behavior. A posit ive reinforcer increases while 

a negative reinforcer decreases the Zrequency 02 Occurrence of the 
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because of -;;he connotation of scbjzetive avareness Laplied by the 

words "reward" or "punislxaent." A reinzorcer aay 3 s  an event t ha t  

is interilal or external t o  the orcjanisn, buk i n  '&e case 02 -i=hz 

lattsr it is generally assumed that "there is  s a ~ e  internal  con- 

sequence of -;;he exkernal event, Reinforcers zodify bhav io r  by 

serving as response salectors,  encouragins sone acts, discouraging 

others an6 gradually shapin5 "&e characterist ics 02 a response i n  

such a ixanner 'khat e22iciency is  incrzas5d. Reinforcemmt Fs 

ususlly operationally defined and therefore -malres no caxnittnent 

as to underlyins processes. 1-2 s L i l y  re fers  to the process, what- 

ever it may Se, by which reinforcers exert khair action, 

Although -;=here is no reason why only one nechanism of rein- 

forcement should have evolved, "Lhere izas 3een, nevertheless, a per- 

sistent search 5or s. unizyins explma-tory construct. 

years, %he construct about which nost has been wr i t ten  i s  that 

reinforcemat is based upon a reciuc-Lion of biological needs o r  

drives, 

behavior and it has been pos-kulazed becacse of the evidence that 

behavior aay be noLivated without involvaL1eilt 02 t issue needs . 
Anirnals may see!; out  pleasura3le sensations tha t  Go not 2 u l Z i l l  any 

honcostatic need that has yet been identified (c.Z., iiorsan, 1957) 

In  a great nuiaber of czsesr 'Iim?ever, there is a closa agreedent 

I n  recent 

Drive is usually conceived of as  the energy force behind 



* 
b 

*J *. 

* .  -3- 

between -t'ne iate of dzives and needs- 

the idea 02 a rzinforceiaen-L process based upon the reduction of 

needs or Grives should havi had so illany aSvacaLas. 

i s  t o  survive, its behavior should be m o d i f i e d  i n  such a way that 

biological needs are satisfied.  

convenient than to hava behavior mid&, that is reinforccc2, by the 

consequences of the  behavior for  b i o l q i c a l  needs or Czive s ta te?  

Ti i s re  are sood reasons why 

~f an organism 

Hifiat arrangenent could be aore 

Xhile there i s  oEten a close correspondence between the rein- 

forcanent process and -&he reduction or' nzeds or drives there are 

su l f ic ien t  instances where these processes do not seen to be cor- 

related. 

t ion  and even with the intensification of a drive state. 

(1957), as  well as others, has discussed the shortcoaings of a 

reinforcenent theory based solzly on thz reduction or' biological 

needs and 24iller (13f3a) ,who had b=en one 02 khe strongest deienders 

of a drive reduction theory 02 learnin9, has rnodified his views 

recently. The fact  that positivz and neyativa reinforcers nodify 

behavior t o  assure tnat benelicial  s t imli  w i l l  be approached and 

nociceptive s t i a u l i  be escaped Zra.2 does not necessitate t h a t  

behavior be pi t ied by its biolh2ical consequences. 

of such a relationship aay only re f lec t  the Pact that evolutionary 

forces have eli:ainated "Lose orqmisms so constructed tha t  hamful  

st i i t luli  functioncd as positive, or beneficial  stimuli served as 

negative reinlorcers. 

Behavior may be reinforced i n  the absence 02 need reduc- 

ijlorgan 

The existence 
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=ore essential  cri t icism 02 a Lheory 02 behavior nodifica- 

t ion based upon drive reG!uc.tion is tha t  changes i n  khe s t a t e  of ths  

organisn axe oi"ten too delayed t o  e2Siciently quide behavior, There 

now exists considerablz evidence that Lhs reinforcement process does 

no-k depend upon "Peed back" f r o m  Physioloqical consequences of the 

behavior. 

rejected not because of -i=heir u l t ina te  bzneLicia1 or  harmful con- 

sequences- These consequences are often too delayed to Lc7odiZy 

behavior, as i-t is w e l l  established tha-i; learning is  s l aw and in- 

efc'Iicient when reinZorcenen-k is delayed. 

mechanim to Sridge the gap between behavior and the biolo5ical 

consequences of the  behavior. 

Sweet substances are ingested and bi t te r  substances are 

what is needed i s  some 

It would s e a  that one source 03 imqediate modi'ication of 

behavior r e s u l t s  2x03 the Zact t ha t  s t i m u l i  are often not neutral  

even on first contact, For exaz~ple, most 05 the evidence indicates 

that the reaction t o  s w e e t  solutions is  not learned. I n  addition 

t o  e l i c i t i n 2  approach or withdrawal raactions pr ior  to any learning, 

the pattern OZ neural responses activzted by many s t i n u l i  rnay also 

e l i c i t  p l e a s u r a l e  sensations. 

of s t i m u l a t i o n  and has pointecl out t h a t  "there has been increasing 

evidence OF Late that sensory stimulation, divorced fron i t s  need 

or drive raducing conconikants, may function as  a reinzorczr i n  its 

own r ight"  (1960, p, 254). Pfazfrnan has used the  -teras "primary 

reinforcement" and "exteroceptive motivation" t o  describs h i s  view 

Pfafhan  has emphasized t h i s  aspect 
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t h a t  "sensory s t imla t ion ,  per se t o g e t h r  with i t s  msuinc; central  

neura l  events be considered as a pri-2i C:eter&nmt of reinZorcsment" 

(l9E9, p. 254). Similarly, Youn5 (1344) has distinguished between 

appetite, which is based on dietary need, and the pa la tab i l i ty  of 

a S o d  st mulus, The l a t t e r  refers t o  the hedonic aspects or' the 

s t i n u l u s  which resul-t  i n  nenjoy;S1entc'' and "afZective arousal" which 

are cxperiinzntally separable r ' r om the delayed and remote after- 

ez'fects of food ingestion. Earlier, he had pointed out tha t  there 

was a hiGh correlation betcween pleasantness, beneception and 

approach behavior an2 between unplzasanLness, nociception and with- 

drawal (Yorrilg, 1935). These relationships do not originate froen 

taste experience alone, b u t  apply as w e l l  to other sensory modali- 

t i e s ,  as Sor example, olZac-tory and cutanzous sensations. 

?le have learned more about the Zac-c tha t  a s t i a u l u s  may 

e l i c i t  a character is t ic  rssponse because 05 its capability t o  

activate specific neural systems. 

rer'lex level where we are dealing with relat ively simple s t i m u l i  

and responses, but say occur also w i t h  complex s t i m u l i  m d  involved 

reaction patterns, 

zrranples of the l a t t e r  (Tinbergen, 1951). Vork with microelectrode 

recording techniques has revealed liow auch of the encoding of 

afPerent stimulation inay take place at the receptor level. Early 

work by B a r l o w  (1953), H a r t l i n e  (1933) and Xuffler (1953) had shown 

tha t  different  r e t ina l  ganglion c a l l s  f i red  i n  response to e i ther  

This occurs not only on the 

The e-tholqis-2s havs provi6ed u s  with numerous 
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the onset, offset  or onset an6 05Zszt of :Lashes of 1ic;ht. Nore 

recently, Letzvin ( 1 9 E O j  and idaturna -- e t  a l  ( I 2 E O )  have demon- 

the a i s t z n c e  of specialized visual receptors which respond 

properties 02 s t inu l i  as c o n v s  edge, concave edge, contrast, 

mming, direction of rmveaent, etc. Such receptors provide 

the s t ructural 'Sasis  €or the patterninc; of the input and the 

par t icular  pattern wouli; presuxa3ly 6eteraine -:he pathway traversed 

and clti-mately the neural structures which are activated. The so- 

called "5ug deteckors" which have been shown t o  respond specifically 

t o  small moving objects and not t o  stationary objects or even to 

large moving ones t r igger  the neural pathways fo r  the evocation of 

the frog's "striking-capture-ingestion" response to a moving fly. 

S a d c e t t  (13E3) has suggested that  peripheral neural Qrganization 

may explain the e l ic i tz t ion  ("releasins") of m a n y  05 the Zixed 

action patterns describzd by the ethologists and the saturation 

schedule 02 the receptors ;nay unCerlie the "c r i t i ca l  periods" 

associated wikh izrin-king. 

While mst emphasis i n  the past  has been on the capacity of 

aZZerent neural patterns to el ic i t  responses we would l ike  t o  sug- 

gest, as has PSar'Lman (196'3), that such pat terns  are a lso capable 

of di rec t  e l ic i ta t ion  02 the reinforceaent process. For our 

present discussion tre would not ernphasize the e l ic i ta t ion  of fixed 

responses, b u t  on the contrary we are considering tne process for  

modifying Sehavior by encouraginq some responses and discouraging 
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others, F ? s  would sugqest tha, his 6izact e l ic i ta t ion  05 the rein- 

Zorcenent Process STJ ar'ierent neural : D a ; l t e r n s ,  whether -2hev be 

triqqered bv exteroceptors or interocentors, be called "imzdiate  

reinforcernent," It is  conceivable tha t  the more 2elayed physio- 

logical consequences of behavior my also -;=rigger similar af." &erent 

neura l  patterns, b u t  u n t i l  WE are i n  a position to deterinhe whether 

t h i s  is so, asking t h i s  temporal dist inction may have heuris t ic  

value 

need reduction, b u t  there is no causal rzlationship. 

Immediate reinSorce-ment m y  hava a high correlation wi"& 

We should make 

it expl ic i t ly  clear tha t  our position is not '&at izmediate rein- 

forcement is  the only possible reinforcexxent process, and also tha t  

it ;3ay have bo"& a laarned as well as unlearned basis. 

B. Positive and Negative Brain A r e a s  as the Neurolqical Sub- 

s t r a t e  for Iaaediate Rein2orcernen-k. 

It is i n  khis contsxt, we would hold, tha t  the discovery by 

Olds and Milner (1954) khat animals would see:: out e lec t r ica l  s t i m -  

ulation of certain 3rain areas (an& consequently se l f - s tbu la te )  

and the ciiscovery by Delgatio, R o b e r t s  and Miller (1954) tha t  a n i m a l s  

would avoid e lec t r ica l  st inulation of other brain areas has the 

greatest  possibi l i ty  of physiological signizicance. A number of 

anecsotes have -been to ld  about the "accidental" discovery or" the 

self-stimulstion phenomenon. Ni i le  it Is t rue  thak there was some 

element 02 serendepity with respeck to  the neural areas e l ic iking 



kions which wsri? similar in  soae resGects t o  khe argument presanted 

here, thase investigators believed thak a :-lec'fianism for  LmaefiateLy 

encouraging or discouraging behavior vas essential. The i n i t i a l  

evidence or' positive reinZorceiaient ellci-Led by e lec t r ica l  stiiiula- 

tion 02 spciZic  areas 02 the rak brain was followed by similar 

demonstration with the cat (Sidaan e t  a l ,  1355), aonkey (Burs ten  

and Delc;ado, 1958) , guinea pi5 (Valanstain, 19%) 8 Baqan (Sein- 

Jacobsen and Torkildsen, 19,53) ,  d o ~  (Stark and BOy6, 13€1), gold- 

f i s h  (Boyd and G a r d n e r ,  1952), boktlenose dolphin ( L i l l j j  and irfiller, 

ing tne ability lio e l i c i t  rain2orcennen.k ; ~ y  d i r x - 2  brain skhula t ion  

_ -  i n  this many species a k t z s t s  t o  cne c;snerality or' the 2ind.inc a d  

the possible c r i t i c a l  role  51s phanmnenon :my play i n  an evolution- 

ary scherne. To m y  !:nowleclge no species tested has Pail& 20 exhibit 

selZ-stiaclation bshavior fron at least sone neural sites, 

To summarize, t h e  1iypo"hesis ac?vanczb here i s  that i n  many 

cases the  conse&-ences OF an acL are ozten too  delayed t o  serve as  

an effective suide Zor behavior. There was a clear  ne& Zor a 

mechanism -to have evolved which would encourage a6apLive behavior 

and discourage inaladaptive behavior directly.  The role  02 immediate 

reinforceaent with its subdivided 13osi"Live and negative reinforcing 
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bra-n systems is t o  SriCge 2~ sap b 2 t w e e n  Sehavior and i ts  physi- 

oiocJicai consequences - Zvolutior-ary ~rocesszs ~ioui6 .  lavor those 

animls i n  w h i c h  the sensory i n p u t  tzigcjezed these reinZorcment 

syste-tis i n  a way -khat xtxia ized survival probability Z o r  the indi- 

vidual and species, 

I 11. The 2.natonical Locus 03 ths SelZ-Stixulation Phenomenon 

A - Background 

I A nuaber or' important questions aay bz asked &ouk the 

properties 05 tnzse reincoming systexs, 

related to  the ro le  of the reinzorcing 3rain systein i n  learning and 

secondary reinZorcenent, t h z  interaction 02 the posit ive and nega- 

Amon; tnese are problems 
I 

I 

I 

I tivz reinhrcincj SYSte-'I1S# the efz'ects 02 iinqs, e lec t r ica l  ac t iv i ty  

ob k h e  brain and au-Lonoiaic rzsponses associated with the activation 

of t h e  reinEorcin3 systen, -the sicpilicance 02 stimulus parameters, 

the relationship oE speclzic d r i w  skrkzs sw'n as tunger and sex to 

.:he reinZorcins 3raiii system an2 the anatonical locus 02 the rein- 

I 

I 

I Sorcinr; brain sys-Lern. A recant rav is r  z r t i c l z  (Olds, 1962) dis- 

cusses the rapidly accniulating studies that are providins pre- 

Zhinary answers to so_;le 02 thesa questions, 

T'7e would l i ke  to USE t h i s  oppor-Lunity to present s o m e  new 

experirnenkal data relevant t o  an aspact of t h a  pzobleii of the 

anatomical locus of -Lhe ueiniorcing system, 

Cescribed the d i s t r i b u t i o n  02 reinzorcins si-tes i n  dizferent 

Several papsrs have 
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species, but the rat  has been s tucied Dost extensively (Olds, 1956; 

Olds and Peretz, 1350; OlCs, Travis an5 Sclwing, 1960; O l d s  and 

Olds, 1963). JudginS froa sslf-stiiirulation perfomance it is  clear 

that positively reinforcing sites are widespread throur;hout the 

limbic syste.?.?, hpothalaaus, and to a lesser exkent "&e mesenceph- 

alon of the ra t  brain- There ax2 a rimer of methodological prob- 

lem involved i n  detemining the re la t ive  reinforceinent strength 

of these posit ive sites and existing "maps" will have t o  be con- 

t inual ly  revised (Valenstein, 1364) - Maps based exclusively on 

self-stimulation, for exaaple, w i l l  have to 'be rnodified to take 

i n t o  consideration evidence &̂at response rate does not always 
I 

reflect an animal's prezerence i n  a tes t ing  situation tghich permits 

a choice (Hodos and V a l e n s k e i n ,  1962). Also a n h a l s  tha t  exhibit 

only moderate response rates will respond much fas te r  i f  some of 

t h e  disturbing side zZs'SecLs 02 sti imlation are  reduced by anti- 

convulsive drugs (Xogenson, 1354; R e i d  & &, 1S54). There are 

also other properkies of reinforcing sites vhich Zuture naps will 

have to chart, For example, we have noted that ani--1s with 

electrodes i n  anterior hypothalamic sites will frequently self-  

stimulate a t  moderately hiqh rates, ixt o2ten these aniaals have 

t o  be trained t o  press the lever a t  the beginning of each session. 

Without such preli-ninary training the aninals frequently do not 

press the lever at all, FurL&emore, a n i m a l s  tha t  respond a t  

equal rates nay 6iffer i n  t h e  stiiuulus intensi ty  required t o  
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produce equal perZormance or they may diif 'er  i n  resistance to 

sa t ia t ion  (Olds, 1958; Valensteiil a i d  B e e r ,  1364). A recent report 

has indicated that  seli-stimulation ra tes  are correlated w i t h  other 

behavior elicited by the stimulation (Plutchik et al, 1666) . These 
"other behaviors" which were studied i n  the monkey include sexual 

responses (penis erection), food or water intake, bit ing,  and 

urination and defecation. It is also clear that the dist r ibut ion 

of reinforcing sites are n o t  the saiae i n  a l l  species. For all of 

these reasons, the present mapping of reinforcement centers nust 

be regarded as prelisinary. 

In  sp i te  02 the diversity of neural sites which w i l l  support 

self-stimulation behavior, the assumption has been made either 

implicit ly (Fisher and Coury,  19E4.t Stein, 1964) or  expl ic i t ly  

(Olds and Olds, 1954; i%organe, 1964) 'chat the nedial forebrain 

bundle (WB) and l z t e r a l  hypothalamic area (LBA) are essential to 

this phenomenon. 

anatomical information stressing "&e involment 02 'che MFB i n  nost 

linibic c i r cu i t s  and i%s significance as a major pathway t o  

mesencephalic structures including the r e t i c u l a r  fornation, central 

grey area and the medial tegmental nuc le i  OF Gudden and Bechterew 

w h i c h  have been referred to as the "limbic midbrain area" (Nauta, 

1960). Additional support i s  provided bo-kh by the imporkance of 

hypothalamic structures for enotional behavior, motivation ani! 

visceral  reactions (Brady, 1960: Stellar, 1960) and by the brain 

Background for t h i s  assui i t ion derives from 

-$1- 
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stimulation studies which havs shown that of a l l  positively-rein- 

forchs resions, khe i / I F B - m  produces the hicjhest se l f - s t i i i l a t iun  

rates, requires t h e  lowes'z current levels to produce reinforcement 

and is the nost resis tant  t o  sat ia t ion (Olds and O l d s ,  1954). More 

3 

g- ne, however, are preliminaxy reports from lesion studies 

which  have pointed to the importance of this area for  selP-stimula- 

t ion  'behavior, O l d s  and Olds (19f.4) have reported that t h e  poster- 

ior hypothalamus is essent ia l  for  reinforcement produced by stimu- 

la t ion  05 khe anterior hypoaalamus. Miller (1953'~) has described 

work i n  his laboratory by Fon3erg which indicates tha t  w h i l e  bi- 

l a t e ra l  lesions i n  the septal  area have no efr'ect on hypothalamic 

self-stimulation, bilateral lesions i n  the EiIFB "virtually abolish 

responding E o r  selE-stimulation via electrodes i n  the septum," 

Morgane (1964) has concluded that xats w i t h  lesions i n  the mid- 

l a t e ra l  hypothalamic araa w i l l  no longer work for brain stimulation 

that was previously highly rewarding and has stated tha2 lesions 

*anywhere i n  the trajectory of the medial Sousbrain bundle r e s u l t  

i n  a motivational inertia." 

It would appear that  w h i l e  self-stimulation may be obtained 

from many sites, some region located i n  the m i d d l e  t o  posterior 

portion of L&e la t e ra l  hypothalamus plays a central  role i n  posi- 

tive reinforcement, Presumably this region would be essent ia l  

because of the capacity t o  tr igger neural and or chemical patterns 

tha t  increase the probabili ty or' repeti t ion of behavior patterns 
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occuring at the time. Sites other than t h i s  l a t e r a l  hypothalamic 

area which produce self-stimulation 3ehavior presumably do so by 

vi r tue  05 their capacity -520 activate this c r i t i c a l  region, 

Bo Some Relevant Experimental Data 

1. The Size of the  Neural Field Directly A c t i v a t e d  by 

Electrical Stirnulation 

W e  have been exploring this problen r'or several years w i t h  

a technique which is quite simple. Bipolar s"cimu1ating electrodes 

(Valenstein, Hodos and Stein, 1961) were  implanted i n  a reinforcing 

area and lesions w e  systematically placed i n  pathways and nuclei 

that were known tobe connected t o  this area, using various pro- 

cedures we tested to determine i f  any changes i n  reinforcaaent were 

produce6 by these lesions. A t  the outset 02 this work i - L  seemed 

to u s  that the soundness of this approach depended upon the s ize  

of A&e neural field activatadby the e lec t r ica l  stimulus. 

stimulation originating from an electrode placed i n  a given neural 

area was capdble of exciting neural t i s sue  at Sreat distances froa 

the electrode t ip ,  it would be impossibh to draw any conclusions 

about normal a n a t d c a l  and physiological relationships, 

would be l i t t l e  value i n  interruptins a tract connecting t w o  nuclei 

or' some consequences if the e lec t r ic  r'ield were capable of jumping 

over the destroyed area and activating i n t a c t  t i s sue  G i s t a l t o  the 

lesion. 

If 

There 

In  spite of the fact -f=hat the stimulus in tens i t ies  
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necassary €or e l ic i t ing  self-st imlakion behavior are often high 4 

*&ere are several kinds 02 svidence which support "&e position 

that i=he neural area activated is reskricted to a relat ively s m a l l  

area around the electrods t ip .  Valenstein and B e e r  (1961) have 

shown that when bipolar electrodes 02 the  type commonly used in 

s e l f - s t i r l a t i o n  s t u d i e s  (bare  of insulation only a t  the cross- 

section) were systemically brought closer t o  an area producing 

observable behavior (e.g., vocalization or  occulonzotor responses) 

the  response was produced only when the electrodes were a t  a dis- 

tance fron the area i n  the order or' a millimeter, This was true 

even w i t h  very high current levels. Stein (1362) has a lso noted 

that changins the polar i ty  of a monophasic stimulus w i t h  bipolar 

electrodes produced different  r e s u l t s .  

electrode t i p s  only a fraction of a m i l l i i i e t e r  apart the location 

of the nore elfzct ive cathode was significant.  Also relevant t o  

t h i s  i s s u e  are the gindings that d i f fe ren t  resu l t s  are obtained 

from electrodes placed i n  adjacent structures. Mapping s tud ie s ,  

referred t o  ear l ie r ,  provide such evidence and indicate that the 

stimulus does not involve nassive activation of large brain areas. 

I n  our own laboratory we have also o5tained evidence of the 

importance of the electrode placeinent as a cr i t ical  determinant of 

reinforcing efzects (Valenstein, 1965). Figure 1, for  example, 

presents distributions 02 aversive sites froin an atlas being 

collated by Barbara C a s e  and the author. Behavioral tests of 

Presumably even with 



aversiveness consisted or' measuring the efficiency w i t h  w h i c h  

animals escaped from the stimulus in a two-chdered t e s t i n g  

apparakus w h i c h  presented the s t b u l u s  i n  one or the other chambers 

i n  a randam sequence (Valenstein and Heyers, 1904, It is clear 

from the €igwce that the placements located i n  the dorsamedial 

tegmentum were most  aversive. 

l a t e ra l ly  or ventrally, s t b u l a t i o n  was lsss aversive. Similar 

evidence Zor the importance of the neural si te stimulated can be 

provided for  placements yielding posit ive reinforcing effects-  

As placenents deviated either 

- - - - - - - - - - - - - - -  
Figure 1 about here - - - - - - - - - - - - - - -  

There is other experimental evidence that argues for the 

position that the neural f i e l d  activated by a bipolar electrode is 

re la t ive ly  restricted. Es t imates  of the area of egfective current 

spread may be derived from studies which  place lesions of known size 

around the t i p  of the electrode and then tes t ing t o  determine i f  

in tac t  t i s s u e  on the perimetry of' the lesioned area can be activated 

A base l ine  of lever pressing rate w a s  obtained at a nusber of 

intensi ty  steps. 

ing the  electrode t i p  was destroyed by passing a direct current 

through the bipolar stimulating electrode. 

Figures 2 and 3 that  the efFect of this lesion w a s  to raise the 

threshold, 

r a t e s  comparable to the base l ine  could be elicited- 

a second lesion w i t h  the same I), C.  current intensi ty  produced no 

Following this a small  amount of t i s sue  surround- 

It can be seen i n  

However, w i t h  higher current levels self-stimulation 

W i t h  R a t  5 
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additional change, b u t  with Rat 52 a sl ight ly  higher intensity 

produced a Farther threshold increase, I= both anizils, a large 

lesion produced by passing 2-09 mA 02 direct current ‘chrough the 

electrodes resulted i n  a complete loss of self-stimulation behavior 

even at skintulating in tens i t ies  many times higher than ordinarily 

used in our laboratory, I n  the case of Rat 62 the electrode was 

placed i n  the l a t e r a l  hypothalamic area and the electrode was 

located i n  the medial septal  nucleus of Rat 5, 

the f i n a l  lesion ther= was a considerable amount of adjacent tissue, 

which was known t o  be positively reinforcing, still intact .  I n  

spite of tihis, it was impossible to obtain any evidence tha t  s t i m -  

ulation w a s  producing positive reinforcing effects, 

that the e l ec t r i ca l  s t imulus was not capable of activating this 

i n t ac t  t i s sue ,  

f n  b o a ,  even a f t e r  

It would appear 

- - - - - - - - - - - - - - - - -  
Figures 2 and 3 -ut here - - - - - - - - - - - - - - - - -  

A similar point was sade w i t h  a s l igh t ly  modified procedure. 

W e  w e r e  concerned tha t  using the stirnlllation electrode for lesioning 

might result in a change i n  electrode characterist ics as a r e s u l t  

of destroyed t i s s u e  forming around and perhaps encapsulating the 

electrode t i p  i n  a high resistance f ie ld ,  Therefore, we burned out 

an area i n  the l a t e ra l  hypothalamus i n  two animals and the medial 

septalnucleus i n  another two animals, and three weeks after the 

lesion w a s  produced, implanted stimulating electrodes i n  the center 
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of the destroyed r'ield. None oE these ani-inals could be trained t o  

self-stii-rrulate although we used a range crf in tens i t ies  khat included 

levels  several ti i is  above that which we normally use. In the 

septal region, the l a t e ra l  septal  nucleus, a reinforcing area, was 

left completely intact, but even w i t h  these high current levels it 

proved inpossible to elicit self-stimulation behavior. A recent 

s tudy  by Lorens (1965) w k r i d h  we w i l l  have occasion to refer t o  

l a t e r  i n  more de ta i l ,  has confirmed our results, Lorens found that 

the only lesions which abolished self-stimulation behavior were 

those destroying the t i s s u e  surrounding the t i p  of the stimulating 

electrode, H o e b e 1  and Teitelbaum (3.952) also report that anestheti- 

zation or destruction of the t issue under the electrode stopped 

self-stimulation. 

A l l  of the evidence taken together supports the position 

that w i t h  bipolar electrodes, w i t h  only the adjacent cross sections 

a t  the t i p s  bare of insulation, +de neural Zield activated is 

re lat ively restricted. 

course, depend upon details oZ ths electrode and s t imulus  parameters, 

The exact: s ize  of the 2ield would, of 

2, The Resul t s  of Lesion Studies 

Having excluded, at least t o  our satisfaction, the likeli- 

hood of any massive spread 05 current it seemed feasible to ask, 

what neural pathways or centers are essent ia l  for the reinforcement 

obtained from e lec t r i ca l  stimulation of the brain,  W e  decided to 

explore the reinforeeiient obtained w i t h  stimulation of the  septal  
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area. 

but there were at least two arpaents in its fzvor which seemed to 

have writ. For the reasons presentetl above it seemed that if any 

critical focus for the self-stimulation pbenamenon was found it was 

likely to be in the region of the medial forebrain bundle-lateral 

hypothalamic area, 

general region which we planned to ablate would present technical 

problem and possible interpretive problems as well. 

ing known reinforcing sites, the septal area seemed to be the area 

05 choice for, excluding the lateral hypothalamus and perhaps the 

contiguous ventrolateral tegmentu-, self-stimulation behavior is 

most reliably elicited €ram this area. 

The logic of beginning with this area was somewhat arbitrary, 

Placing our stimulating electrodes in the 

Of the remain- 

In collaboration with Dr. James F. Campbell we placed a 

series of bilateral lesions, varying in size, throughout the medial 

forebrain bundle-lateral hypothalamic =%a, As details of this 

aspect of the work have been reported elsewhere (Valenstein and 

Campbell, 1966), only a general description of the results need be 

provided, 

anterior hypothalamic region to the more posterior aspects of this 

system surrounding the mammillary bodies and in the ventral 

tegmental area of Tsai. 

produced moderately-sized electrolytic lesions in the MFB-LSA of 

25 albino rats that had received a series of self-stimulation tests 

at each of three current levels, 

Lesions were placed from the more rostral preoptic- 

In the first experiment of this series we 

Stimulating electrodes were all 
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placed i n  either "&e medial septal nucleus or  the more anterior 

medial paraolfackoria area, The surviving animals (k? I= 19) received 

two series of post-lesion self-stimulation tes ts .  

t ion tests during the first post-lesion week were soinwhat lowered, 

but within 7 t o  10 days a l l  anhals responded a t  rates similar t o  

or higher than those of the pre-lesion tests, 

revealed khat the PILFB-LEUl was a t  leas t  pa r t i a l ly  destrayed on both 

sides i n  all cases. 

The self-stimla- 

Histological analysis 

A l t h o u g h  the amount and portion of the MFB 

destroyed varied from animal to  aniinal, taking the group as a whole, 

this system was disrupted frois its most l a t e ra l  t o  medial extent. 

As the lesion i n  any one a n h a l  involved less than 50% of the W- 

LEfA area, however, we proceded to replicate and extend these find- 

ings w i t h  destruction of a greater proportion of this system. 

I n  a second experimental group, greater destruction of the 

" B - ~  was achieved by inser t ing the lesion electrode into several 

areas on each side of &̂e brain. The percentage or' animals surviv- 

ing this extensive damage t o  the HFB-LHA was not high, Following 

the production of lesions, many 05 the animals had severe symptoms 

of the " l a t e ra l  hypothalamic syndrane" (Teitelbaum and Epstein, 

1962). 

themselves and refused food. Only by using incubators, force 

feeding by gas t r ic  intubation and highly palatable d i e t s  (Rogers, 

- e t  -8 a1 1965) was it possible t o  nurse 13 animals t o  a point w h e r e  

their general vigor and weight approached preoperative levels. 

These animals had poor te-perature control, did not groom 

5 
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When the animals appeared t o  be strong enough to withstand a second 

uperation, stiimslatins electrodes wers inplanted i n  "&e H a l  

septal nucleus , 

Preliminary attempts to t r a in  su rv ivo r s  t o  self-stimulate 

when i n  a weakened condition met w i t h  l i t t le  or no success. After 

partial recovery of health, w h i c h  often took more than a month and I 

i n  several cases more than two months, these animals could be 

trained t o  self-stimulate at  low rates. It seemed to u s  that the 

rate was low i n  part  because of the still weakened condition of the 

animals and i n  part  Secause oC hypersensitive reactions t o  brain 

stimulation, The latter was manifested by a tendency t o  self- 

stimulate best at l o w  current levels, normally an inadequate 

stimulus For animals with electrodes i n  t h e  septal nucleus. It 

w a s  a l so  noted that during this period a n i m a l s  would commonly 

exhibit the poorest perzormance at th? higher current levels during 

the first test of each day and then improve over successive tests 

during the day, A t  the higher inkensities, animals juinped back 

when stimulated and seemed hesitant t o  press the lever again. In  

a number of cases, it appeared thak stimulation Sacilitated recov- 

ery of health as animals began to consume more food and water i n  

their home cages azter being tested, As the health of the animals 

improved, t h e i r  self-stimulation r a t e  increased s teadi ly  a t  the 

higher in tens i t ies  and the hypersensitivity t o  stimulation dis- 

appeared. -When fu l ly  recovered, their response to the lowest 
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current level was characterist ic or‘ in tac t  anilmals with septal  

The systuna’cic tes t ing  of aniaals, Which began when recovery 

was judged t o  be canplete, indicated that a l l  animals responded a t  

rates as high or in sane cases higher than intact contzol animals. 

Histological analysis revealed that between 50 - 90% of t h e  ME’B-LHA 

* was destroyed b i la te ra l ly .  Between anisals this amount of destru:- 

t ion  was evident at the frontal plane of the preoptic region, 

I anterior hypothalamic nuclei, the dorso- and ventromedial hypo- 

thalamic nuclei, “&e posterior hypothalamic nuclei, the mammillary 

bodies and the ventral tegmental area of Tsa i .  A numiber of  the 

lesions involved significant destruction 02 the zona incerta, sub- 

s t an t i a  nigra, in te rna l  capsule, fornix columns, m d l l a r y  bodies 

and peduncle, and the  ~ l l o t h a l ~ c  t r ac t ,  Figure 4 presents 

typical anterior to posterior MFB-LHA lesions from this series of 

animals, 45 

%e also determined that electrodes placed more ros t ra l ly ,  

i n  the area around the  Tractus olfactorious intermedius, supported 

self-stimulation response rates only s l igh t ly  less than those 

produced wiL& septal  electrodes. X t  w a s  then possible to make 

coronal knife cuts between the electrode and the XFB-LRA. If the 

knife c u t  w e r e  made in four stages separated by recovery periods 



long enough for  ani-aals t o  regain "Lheir preoperative weight a 

number of animals survived th i s  proceGure. me details of the  

method are presented elsewhere (Valenstein and C a m p b e l l ,  1966) 

It is s u f f i c i e n t  t o  indicate tha t  -the ventral  portion of the fore- 

brain which contains the main connections between the region s t i m -  

ulated by the  electrode and the MFB-LHA was severely disrupted. 

Such animals self-stimulated a t  ra tes  comparable i n  a l l  respects 

t o  in t ac t  control animals w i t h  ident ical  placements. Figure 5 

presents a typical lesion result ing from the coronal knife cut and 

i l lustrates the electrode placements. 

As a r e s u l t  of this work we have concluded that providing 

animals are given a sufr'icient postoperative recovery period there 

is no portion of the NFB-LHA that is essential  for  selZ-stimulation, 

The reinforcement associated w i t h  stimulation of the septal  area 

i s  not dependent upon the integrity of the MFB-LHA, The only 

explanation we can offer a t  this time for the claims that this area 

is  essent ia l  €or self-stimulation is  tha t  animals were not tested 

for  a suff ic ient ly  long enough period or' time following the produc- 

t ion of lesions. Recently, work by Lorens (1965) has completely 

supported and extended our conclusions, 

stimulating electrodes in the posit ively reinforcing l a t e ra l  hypo- 

This investigator implanted 

thalamic area and proceded t o  m a k e  lesions both ros t r a l  and caudal 
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t o  the si te of the electrode. Rostral lesions transected between 

7 5  and 100 percent of the p?IFB at the lzvel GZ the aaterior hypo- 
~ 

I thalamic and preoptic area. Caudal lesions i n  the region dorso- 

~ 

l a t e r a l  t o  the mammillary bodies and i n  the ventral  tegmental area 

interrupted the tegmental projections of the LHA to the central  

grey, midbrain re t icu lar  formation and the nuclei of B e c h t e r e w  and 

I Gudden i n  the midbrain. N e i t h e r  animals suffering the ros t r a l  or 
I caudal lesions exhibited any significant change i n  self-stimulation 

~ performance. Loxens also produced "canbination lesions" involving 

I both ros t r a l  and caudal projections or' the W B ,  I n  such prepara- 

t ions  the MFB connections from the electrode site t o  the preoptic 

area and basalt telencephalon and t o  the tegmentum were "vir tual ly  

destroyed," b u t  such animals continued t o  self-st iznulate w i t h  no 

significant chanse i n  response rate.  Some lesions produced complex 

effects such as al ter ing the preferred duration of stimulation, 

bu t  the major conclusion of these experiments, as of w i t h  ours, 

was t h a t  self-stimulation does not depend upon the integri ty  of 

the EWB, While our results were based upon animals with septal  

electrodes, Lorens' data were collected with animals w i t h  LIlA 

electrodes, The conclusion is therefore broadened to include the 

two most commonly studied reinforcing brain areas, 

The work on the iWB-L€iA indicated that t h i s  system, w h i c h  

appeared t o  be the most l i k e l y  candidate for  a cr i t ical  Zocus for 

the self-stimulation phenosnenon, was not essential. Thzre was 
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sti l l  the possibil i ty that  a c r i t i c a l  iz"ocus existed i n  some other 

r;eural struc-i=ure, ThereSore, we have exkended our work on the 

anatomical locus of the reingorciny properties 02 septal  stimula- 

t ion by lesioning other neural areas comonly implicated i n  the 

regulation 02 limbic system functioning, 

In  addition t o  the ventral projection from the septal  area 

through the MFB, the septal  area also projects dorsally t o  the 

hippocampus by way of the fWria- forn ix  sys"i;em. 

lesions i n  the  finbria-fornix and dorsal hippocampus and have seen 

no evidence of any decrement i n  selZ-stimulation perforxtance. 

fact ,  although it has not been consistently &servedr we have often 

seen dramatic increases following such lesions. 

i l l u s t r a t e  two cases i n  which there has been considerable iiisrup- 

t ion to the dorsalhippocarnpus and fimbria-fornix and the self-  

s t i m l a t i o n  r a t e  was significantly a3ove that characterist ically 

seen with septal  electrodes. 

We have placed 

I n  

Figures 6 and 7 

-----.-------.---- 
Figures E and 7 about here - - - - - - - - - . - - - - - - - - -  

These animals achieved average lever pressing ra tes  05 37 

and 99 responses per minute on a reinforcement schedule which 

provided a 0.5 second stimulus t r a i n  E o r  each lever press unless 

the s t imu lus  was already on, 

pattern t m i c a l  05 animals with lateral hypothalamic electroiles. 

Normally animals with septal electrodes exhibit a pause a f t e r  each 

The animals responded with the rapid 



reinr’orceraent, which seems to reelect neural after-dischargz. 

Electricai xecoxding studies have also indicated the presence Of 

after4iscbarge (Newman and Feldman, 1964: Porter et a1,1953) , The 

hi5h response r a k e s  and the absence of pauses following stimulation 

seen after lesions of t h e  finbria-fornix and dorsal hippocampus 

suggest that the after-discharges w i t h  septal stimulation may be 

triggered in the hippocanpus, wfiich has a propensity €or rhythmical 

activity (Liberson and Cadhilac, 1953; Green and Arduini, 19%). 

These data also indicate that the seizure activity is not a neces- 

sary  component o€ the reinforcenent, a question about which there 

has been some speculation, but may actually interfere with per- 

formance. Bwacz & al, (1965) have also pointed out that the 

reinsorcement resulting from brain stimulation may be dissociated 

from epileptiforrn activity, These investigators have note6 4Aat 

the very hish seLf-stirrnrlation rates seen with ventrolateral 

tegmental ehctrodes produced no epileptiform discharges and the 

rmdom spikes seen with posterior lateral hypothalamic electrodes 

were unrelated to self-stimulation performance. Self-stimulation 

with septal electrodes produced organized epileptiform after- 

discharges which “caused” self-stimulation performance to cease 

for a few seconds during and after the discharge. Even wikh septal 

electrodes, however, “he thresholds for self-stimulation and after- 

discharge activity were independent, This is consisken-l= w i t h  

studies 3y Reid & (1964) and Mogenson (1964) who used 
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anti-convulsant drugs to suppress after-discharges and reported 

fas ter  selZ-stiaulation rates, 

Figures E and 7 illustrate, in adsition, considerable damage 

to the cingulum, stria medullaris, anterior t h a l d c  nuclei and 

dorsal thalamic area. Other lesions produced in our laboratory 

have also involved these structures as well as the habenular with 

no evidence of any decrement in performance. 

has also found that lesions of the dorsal hippocarpus and thalamus 

do not seem to interfere with self-stimulation performance, 

Although these authors could find no consistent correlation with 

site of damaged area, approximately 5% of their lesioned animals 

exhibited significant increases over preoperative levels, 

ly, Lorens (1955) noted that his rats with electrodes in the 

lateral hypo”lhalarirus showed a signizicant increase in self-sthula- 

tion rate Zollowing destruction or’ the septal area. In the light 

o€ our discussion of a€ter-discharges being the probable cause of 

the slower response rates seen with septal electrodes and the 

evidence for the dissociation of reinforcement and epileptiform 

activity we would conclude that the dorsal hippocampus plays no 

essential role in the self-stinulation phenomenon, The recent 

report that hippocanpal ablation studies implicated this struc- 

ture in the regulation of approach and withdrawal function 

(Grastyan et al, 1365) apparently does not apply to the approach 

behavior seen with activation of the positive-reinforcing brain 

system, 

Asdourian gt& (1906) 

Similar- 
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Figure 2 illustrates a Lars2 h5lateral 1-esicn which involved 

se l f - s t i i i l a t ed  at a ra te  that was above the average of intact  

animals w i t h  septal  electrodes. 

t u r e s  are not critical either. 

It would appear that these struc- 

- - - - - - - - - - - - - -  
Figwce 8 &aut here 

I - - - - - - - - - - - - -  

In our search for a c r i t i c a l  focus we have also produced 

midbrain lesions. Figures 9 and 10 i l lustrate two  cases of exten- 

sive damage to the central  grey and the adjacent medial portion of 

the re t icu lar  fannation. These animals self-stimulated a t  the rate 

of 95 and 70 responses per minute, respectively, ra tes  wfiich are 

clearly above that normally seen with septal animals. Lorens (1965) 

has reached a similar conclusion w i t h  animals self-stimulating w i t h  

l a t e r a l  h y p o t h a l d c  electrodes. 

lesions failed to produce any significant eri'fect on self-stimulation 

HE reports that  central  grey 

performance while lesions of the midbrain re t icu lar  formation pro- 

duced a significant increase in the total amount of stimulation 

obtained by anhals in testing sessions. 

To be added to the picture that is emerging are two earlier 

studies by Ward. This investigator has reported that  basal 

tegmental (adjacent t o  the interpeduncular nucleus) self- 
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stimulation is unaffected by eitker ;a.q,ySaloid an3 overlying lateral 

and inferolateral cortical lesions i iJax6i. 3.961) or ablation of the 

septal area wi“& involvemen2 02 thz cingulum, hippocampal and 

anterior eonrrmissures, fornix columns and diagonal band of Broca 

( W a r d ,  1960) e Also Wasden (1964) and R e i d  and Porter (1965) have 

ablated frontal and other cortical areas and have found no region 

which is crucial to the reinforcing e2i”Sect obtained with electrical 

stimulation of the lateral hypothalams. 

1 

I 

The latter investigators 

also ablated the septal area, medial dorsal caudate and the anterior 

preoptic area an8 found no decrement of self-stimulation perform- 

ance w i t h  posterolateral hypothalamic electrodes. The anterior 

preoptic area lesions seem to produce enhanced self-stimulation 

performance in most of the aninals. These investigators also report 

that lesions of the amygdaloid area did not produce any change in 

self-stiinulation w i t h  electrodes in the septal area, 

111. Some Summarizing m a r k s  and Speculations 

In sunnn;lrv 4 ,  several major points in this presentation should 

be stressed, W e  have indicated that tbere are strong arguments 

against a simple drive reduction theory of learning because of the 

many instances where physiological eLrEec-is are too delayed to 

provide the adequate temporal conditions €or reinforcement and 

learning. Furkhemore, there are stiauli which have reinforcing 

consequences which do not reduce biological needs or drives in any 
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knornm way or nay even increase &rive shi-..es. Tfiz modification of 

to beneficial  si tuations and the n~~lrrrieinq oE survival probability 

i n  general would require the evolving of some mechanism for  immedi- 

a t e ly  f ac i l i t a t i ng  or inhibi-king behaviar. The suggestion bas been 

ofzered that th i s  mechanisn be called imt&iate reinforcement, W e  

have noted that reinforcing brain structures exist i n  a l l  vertebrate 

animals in which they have been looked EOP. Providing the self- 

s t h u l a t i o n  phenomenon does not rest upon some as yet undetected 

artifact and granting the importance or' a me-Aanism for immediately 

f ac i l i t a t i ng  or  inhibit ing momentary behavior i k  would appear likely 

that those neural structures which produce reinforcing effects 

when stimulated may be involved i n  such a aechanism. 

I n  exploring the subject of the anatomical locus of rein- 

forcement we have been concerned w i t h  questions about the nature 

of the functional organization 02 this system(s) and with a search 

for  some st ructurs  or  pathway t ha t  night 3e considered to be a 

cr i t ical  focus. 

of structures which can produce self-stimulation is quite complex, 

there is sufficient evidence that the electric stimulus does not 

massively involve large areas of the brain. 

w i l l  e-xhibit reinforcing effects, the placeinent of the electrode 

is  a cr i t ical  deterrainant of the reinForcing effect produced. There 

does not appear t o  be any rjassive spread of stimulating current t o  

It was pointed 0u"C that while the precise charting 

While many structures 
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neural areas located a t  any great distancs from the electrode tip.  

Ahthou~h the area sthmlated is the cr i t ical  detsrrjinant of 

any ensuing reinforcing consequences, the relationship with other 

parts of the nervous system appears to be massive and diffuse. It 

seems t o  us  that any seazch for  a crit ical  focus or essent ia l  path- 

way for the self-stimulation phenuraenon w i l l  m e e t  w i t h  l i t t l e  

success. W e  have summarized evidence which indicates that exten- 

sive destruction of major limbic and -nidbrain s t r u c t u r e s  and path- 

ways  does not eliminate self-stimulation, The l i t t l e  contrary 

evidence has not been reported i n  detail t o  date and seems to us 

to occur w i t h  animals that have not been tes ted for a sufficiently 

long time following the production of the lesions, rather than fran 

any interference with the reinforcement process, Where sufficient 

t i m e  and effort have been expended t o  restore the lesioned animals 

t o  a reasonable s t a t e  o f  health no eeficit i n  performance was seen. 

It would probably not be possible to  destroy a l l  major lLpbic path- 

ways in the same animal, but attenpts  t o  place lesions both 

anterior and posterior to the  s t b u l a t i n g  electrode have not pro- 

duced any significant change, 

The fact that self-stimulation is not abolished by such 

large and varied lesions throughout the limbic system and illidbrain 

area may be considered by some to i nd ica t e  tha t  the phenomenon 

rests upon some undetected artifact, The conclusion which seems 

t o  us t o  be consistent w i t h  the data is that the neural substrate 
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for the self-stimulation 9henoaenon is characterized by massive 

redundancy and possibly also a Plasticity w h i c h  provides a basis 

for reorqanization, It is, of course, a huge and dangerous jump 

from the data on positive and negative reinforcement w i t h  brain 

stimulation to the concept of reinforcement in cjeneral, 

extent that the jump is justified, these conclusions would apply 

To the 

in general. 

Speculation about the physiological basis for this plasticity 

must go beyond the present frontiers of our knowledge, We have 

been assuming a l l  along that it d e s  no sense to think of rein- 

forcement as being localized in a given structure, Localization 

is important only as a means of indicating that a process may be 

initiated (or blocked) by experimental aanipulation of a so-called 

"center." The concept of "centers" Sor the self-stimulation 

phenomenon must rest on the evidence that the reinforcing effects 

or' brain stimulation are critically dependent upon t he  neural 

structure activated and the fact that these structures must be 

intact in order for the reinforcement effects to be produced, 

There is no evidence, although no one has looked for it, that 

following destruction of reinforcing sites new areas not previously 

reinforcing acquire this property. Indeed, the little availdble 

evidence suggests that it is difficult to aodify the reinforcing 

consequences of stimulating a specific structure (Valenstein, 1965) . 
Plasticity as we have used the tern refers not to the areas capable 
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of i n i t i a t ing  the reinforcement proce~s~ but to the anatomical 

substrate for the spread of t h i s  process. 

The evidence presented is antacjonistic to any notion of 

fixed and essent ia l  neura l  pathways. One is reminded of H e r r i c k ' s  

(1957) comments on the neurological substrate of inherited reflex 

patterns and "integrative nervous functions." The foraer, accord- 

ing t o  H e r r i c k ,  i s  dependent upon "permanently linked chains of 

conductors8" while the latter u t i l i z e s  the more pliable t i s s u e  of 

the neuropil, a "i'abric of re lat ively unspecialized nerve cells and 

very thin fibers, within which there are no well-defined tracts of 

fibers." 

nervous system and H e r r i c k  believed it was responsible for "the 

more t o t a l  or  organismic functions of tonici ty ,  summation, rein- 

forcexent, fac i l i t a t ion ,  inhibition . . . R  The action of the 

neuropil, he wrote, is "not inflexibly t ied to any part icular  

nerve cells and fibers. 

t i s sue  tha t  is not already specialized for sme speciPic function,' 

laether it is the neuropil or sone other functional elements 

The neuropil is  widely distributed throughout the central  

They can use any appropriately organized 

within the nervous system that are responsible for  this plas t ic i ty  

w e  are not yet i n  a position to deternine. 

s t h u l a t i o n  is not abolishedby massive destruction of major neural 

pathways nay suggest that some kind of humoral transmission is at  

work, There is the possibi l i ty  that  such a mechanisn w i l l  be 

discovered t o  play a role i n  the selZ-stirnulation phenomenon. 

The fact that self- 
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From our present vantage point hunoral transaission would appear 

to he tw slaw to reinforce responses occurriGg frun &aonent to 

mornent, but it is conceivable that we :nay have assuned this to be 

true without sufficient evidence. 

I% the substrate responsible for the spread of the rein- 

forcement process is in doubt, answers to the question of what it 

is that is spreading are even more uncertain, 

complex than that which would be involved in either an excitatory 

or inhibitory influence. 

produce an excitation which energizes behavior. 

results may represent an acceleration of what is going on or a 

substitution of antagonisticbehavior, as €or example that seen 

when an animal switches from approach to withdrawal responses. 

process must be encoded in some way to serve as a "response 

selector , '' Herrick (1348) clearly recognizad this when writing 

about t he  olfactory sense of a m a l s  when he noted that lacking 

any localizing Eunction of its own it is responsible for "the 

activation or sensitizing of the nervous systein as a whole and of 

certain appropriately attuned sensori-notor systems in particular, 

with resulting lowered threshold 02 excitation for all stimuli and 

differential reinforcement or inhibition 02 specific types of 

responses," 

in areas believed to be related to the olfactory sense in lower 

f lorn, Herrick ' s caranent seems particularly appropriate 

The process is more 

Positive and nqative reinforcenmnt both 

The behavior which 

The 

As w s t  of the positive reinforcing sites are located 
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It is difficult to resist thz  tern2taLion to point out that 

the retfcrillar somiation with its capacity Zor inhibiting or excitins 

specific responses as w e l l  as ingluencing general organismic states  

may play a key role i n  the di2i'erential reinzorceiient process. The 

reticular €ornation lesions which were reported in a i s  paper t o  

have little influence on self-stimulation behavior were a l l  located 

i n  rostral regions. Perhaps we m s t  search again more caudally. 

Clearly we have left sone probleins Cor others to solve, 
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P~o’cnotes 

1. Supported by NIH research grant M-4529, Career Development 

Award  “-4947, and PTASB, research grank NsG-437. 

2. I have not had the opportunity t o  discuss the rationale for 

“&e i n i t i a l  work w i t h  aversive ’brain stimulation with the 

authors. 

3. I n  a recent paper (Bogacz et al, 1965) the ventrolateral  

tegmental area produced hi5her self-stimulation rates than 

that produced by the  l a te ra l  hypothalmus, 

4. The actual i n t e n s i t i e s  necessary, of cmrse, depend upon “&e 

configuration of s t imu lus  parameters and reinforcing site. 

W i t h  brief pulse and t ra in  durations higher current levels 

are required. However, within a neural s i t e  the energy of 

the st imulus as aeasured i n  coulombs seems t o  be the critical 

factor (WarC, 1959) , 

5 .  The success 03 this part  of the project was due to the dedi- 

cated wowlc. 02 TheLm Valenstein, who also performed soae of 

the surgery and subsequent testing of animals. 

The author would l i l e  -Lo express his 6ebt to Barbara Case and 

Ruth Campbell for their most competent assistance w i t h  the 

histological preparation. 

6. 
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Figure LeGends 

Figure 1. Dis-Lribution Of very aversive and moderately aversive 

sites i n  the  tegmentum 02 rats iested i n  our laboratory 

(azter Kof i ig  an6 Rlippef, 1953). Data collected frcm 

two-cbaznbered testing apparatus v i h i c h  is equally su i t -  

able for denonstrating approach or escape bhav io r  

(Valenstein and Meyers, 1964) .  Note that the most 

aversive sites (highest escape eEiciency percentage) 

are located i n  the dorsonedial tegmentum, Sites devi- 

atin5 either ventrally or l a te ra l ly  are less aversive. 

Question aark indicates the electrode site i n  an aniiual 

tha t  changed from a high to a moderate escape efficiency 

during the course of ths  'ses"Lin2 schedule. 

Figure 2 Average self-stimulation rate of animal wi-Lh electrode 

i n  the medial septal nucleus zt dif ierent  st imulus 

in tens i t ies  before and azter ;Droduction of lesions 

around tip of stirnulatins electrode. 

second lesion which was produced by passing the same 

destructive current tlirough the electrode as used with 

the Z i r s t  lesion resulted i n  no fur ther  increase i n  

threshold. 

self-stimulation behavior. 

Note tha t  the 

The third larger lesion completely eliminated 
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Figure 3. Avsrage sslZ-stimulation rake 02 animal w i t h  electrode 

in the lateral hypothalamic area at diZZersnt stimulus 

intensities before and a2i=e+ production of lesions 

around tip of stimulating electrode. 

larger lesion increased the threshold. 

completely eliainated self-stLnulation behavior. 

Each progressively 

The third lesion 

Figure 4. Representative anterior to posterior lesions of the 

=dial forebrain area. 

03 greater than 30% destruction of cells and fibers. 

Solid black lins encloses area 

~ 

Sections selected to i l lustrate  bilaterality of lesion. 

A c t u a l  destroyed area on each s i d e  involved larg- ar cross- 

sectional areas and a minhu-ia of 1-2 m anterior- 

posterior extent. 

self-stiimlation rates per minute at cur ren t  intensity 

Numbers in parenthesis w e  average 

producing best _per;i"orraance. Averages were based on 

last 5 t e s t s  (a8ter Valenstzin and Campbell, 1966). 

Figure 5. (A) Parar'fin embedded section illustrating tissue 

damage resulting from coronal cut with opthalmic kn fe 

Solid black line encloses area 02 greater (see t e x t ) .  

than 9@% destruction of cells and fibers. (B) Location 

of electrode tips in experiinental (circles) and control 

(squares) animals. 
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Figure 6 ,  Representative lesion of the Zin3ria-fornix an8 dorsal 

hippocampus. 

than 30% destruction oE ce l l s  and fibers, Section 

selected to i l l u s t r a t e  b i l a t e ra l i t y  of lesion, 

destroyed area on each s ide involved larger cross- 

sectional areas and a miniram 02 1-2 mm anterior- 

posterior extent. 

sel2-stimulation rate per minute at current intensity 

producing best perzomance. 

5 t es t s .  

Solid black l ine  encloses area of greater 

Actual 

Number i n  parenthesis is average 

Average was based on l a s t  

Figure 7 .  Representative lesion oi" the dorsal hippocampus, Solid 

black l i n e  encloses area of greater than 90% destruction 

of ce l l s  an6 Si'lers, Section selected t o  i l l u s t r a t e  

b i l a t e ra l i t y  of lesion. A c t u a l  destroyed area on each 

side involved larger cross-sectional areas and a minimum 

of 1-2 m anterior-posterior extent. N u m b e r  i n  paren- 

thesis is average self-st inulation rate per minuts at 

current intensity proZucinS bast  performance. 

was based on l a s t  5 tests. 

Average 



Figure 8 ,  Representative lesion involvincJ amygdala and ventral 

hippocampus. Solid blacl: l ine  encloses area of greater 

than 90% destruction of cells and fibers, Sections 

selected to i l l u s t r a t e  b i l a t e ra l i t y  of lesion. 

destroyed area on each side involved larger cross- 

sectional areas and a minixturn of' 1-2 mm anterior- 

posterior extent. 

Actual 

Number i n  parenthesis is average 

selz-stimulation rate per minute at current intensi ty  

producing best performance. 

5 tests. 

Average was based on last 

Figure 9, Representative lesion involving central  grey and adja- 

cent portion of the reticular ZormaCion, Solid black 

l i n e  encloses area of greater than 90% destruction of 

cells and fibers, Section selected to i l l u s t r a t e  bi- 

l a t e ra l i t y  of lesion, 

side involved larger cross-sectional areas and a minimum 

of 1-2 m anterior-posterior extent. Number i n  paren- 

thes i s  is average self-stirnulation rate per minute a t  

current intensi ty  producing best performnce, Average 

was based OA last 5 tests.  

Actual destroyed area on each 
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Figure 10, Representative lesion involving central grey and 

a6jacent portion of the reticular Zormation. Solid 

black line encloses area of cpeater than 90% destruc- 

tion of cells and fibers. Section selected to illus- 

trate bilaterality 02 lesion. 

on each side involved larger cross-sectional areas and 

a minimum of 1-2 ~lfm anterior-posterior extent. Number 

in parenthesis is average self-stiaulation rate per 

minute at current intensity producing best performance. 

Averase was based on last S tests ,  

Actual destroyed area 
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